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(54) Apparatus for measuring internal body temperature utilizing infrared emissions 

(57) This invention relates to a small size tympanic 
thermometer, wherein the size of the infrared radiation 
sensing means which receives the infrared radiation 
from the tympanic membrane is very small, thus it can 
be placed at the front end of the tympanic thermometer. 
When measuring the tympanic temperature, the 
waveguide which transmits the infrared radiation of the 
tympanic membrane to the infrared radiation sensing 
means is not required since the sensing means is 
placed proximate to the tympanic membrane. Errone- 
ous temperature reading caused by the waveguide can 
thus be avoided. Therefore, a simple structured tym- 
panic thermometer with high accuracy can be obtained. 
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Description 

DESCRIPTION OF THE INVENTION 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to medical 
instrumentation, and more particularly, to an apparatus 
for measuring the core temperature of the human body 
by detecting and analyzing infrared emissions in the 
external ear canal of a patient. 

[0002] The diagnosis and treatment of many body 
ailments depends upon an accurate reading of the inter- 
nal or core temperature of a patient's body, and in some 
instances, upon a comparison to a previous body tem- 
perature reading. For many years, the most common 
way of taking a patient's temperature involved the utili- 
zation of a mercury thermometer. This approach has a 
number of drawbacks. First of all, such thermometers 
are normally made of glass. They must be inserted and 
maintained in the patient's mouth or rectum for several 
minutes. This is often discomforting to the patient. Fur- 
thermore, such thermometers may break, resulting in 
s rious lacerations or mercury poisoning. In addition, 
mercury thermometers are cfifficult to read, must be 
sterilized, and must be "shaken down" vigorously to 
place the mercury at the bottom end prior to use. 
[0003] Because of the above drawbacks of conven- 
tional mercury thermometers, electronic thermometers 
were developed and are now in widespread use. Typi- 
cally, such electronic thermometers have a probe con- 
nected by wires to a remote unit containing an 
electronic circuit. The probe is sheathed in a protective, 
disposable cover before being inserted into the patient s 
mouth or rectum. Using predictive techniques, the 
patient's temperature reading is taken in a significantly 
shorter time period, for example thirty seconds, com- 
pared to the several minutes required for conventional 
mercury thermometers. Such electronic thermometers 
normally have meters or other displays which enable 
the operator to determine the temperature much more 
readily than reading the position of the terminal end of a 
column of mercury in a glass tube. Also, the electronic 
thermometers in some instances provide more accurate 
temperature readings than mercury thermometers. Fur- 
thermore, the protective sleeves are disposable, thus 
allowing the same thermometer to be used over and 
over without autoclaving or other sterilization. 
[0004] The tympanic membrane is generally con- 
sidered by the medical community to be superior to oral, 
rectal or axillary sites for taking a patient's temperature. 
This is because the tympanic membrane is more repre- 
sentative of the body's internal or core temperature and 
more responsive to changes in the core temperature. 
Heretofore, efforts to provide a method and apparatus 
for measuring the body temperature via the external ear 
canal have been made in succession. There are gener- 
ally three kinds of infrared radiation sensor which meas- 



ure the infrared radiation from tympanic membrane: 1 . 
Pyroelectric sensor; 2. Thermopile sensor; and 3. 
Bolometer. No matter what kind of infrared radiation 
sensor is used to construct a tympanic thermometer, 

5 the infrared radiation sensor is kept outside the ear 
canal while measuring the temperature. Thus a 
"waveguide" structure is indispensable for guiding the 
infrared radiation from the tympanic membrane to the 
sensor. However, the waveguide leads to an inaccurate 

10 temperature reading and causes problems in calcula- 
tions. The influence of a waveguide on temperature 
measurements is illustrated below. 
[0005] The tympanic thermometer measures the 
body temperature by using the infrared radiation from 

15 the tympanic membrane. On the contrary, the infrared 
radiation from any object may influence temperature 
reading. The internal wall of the waveguide also emits 
infrared radiation to the sensor, which causes an error in 
the temperature reading. The analysis is as follows: 

20 suppose the tympanic temperature is Tb, the tempera- 
ture of the infrared radiation sensor is Td and the tem- 
perature of the internal wall of the waveguide is Tt As 
described above, the infrared radiation sensor of the 
tympanic thermometer is kept outside the ear canal, 

25 which is thus held at ambient temperature. Therefore, 
the temperature Td of the infrared radiation sensor can 
be derived by a room temperature sensor. Since the 
room temperature sensor and the infrared radiation 
sensor are closely located, arrangements can be made 

30 in manufacturing techniques and design so that the 
temperatures of both the sensors correspond with each 
other. The temperature Tt of the internal wall of the 
waveguide can be regarded to be the same as that of 
the infrared radiation sensor. However, when the 

35 waveguide is inserted into the ear canal, the tempera- 
ture of the internal wall is influenced due to the following 
two reasons: 1 . Solid heat conduction, when the exterior 
wall of the waveguide comes in contact with the ear 
canal, the ear canal temperature generates heat flow 

40 toward the internal wall of the waveguide; 2. Radiation 
heat conduction, the temperature of the internal wall 
near the tympanic membrane end rises when it receives 
the infrared radiation of the tympanic membrane, lead- 
ing to non-uniform heat distribution in the waveguide. 

45 Under ideal circumstances, the temperature change 6Tf 
at the internal wall is 0 after the waveguide is inserted 
into the ear canal. Thus the waveguide will not lead to 
an erroneous tympanic temperature measurement. 
However, this kind of situation is impossible. 

so [0006] In order to ameliorate erroneous tempera- 
ture reading situations, the U.S. Patent No. 602, 642 
discloses a tympanic thermometer which comprises 
mainly of: a probe unit and a chopper unit which are 
electrically connected through a cord. The probe unit 

55 includes a housing, an infrared sensitive thermopile 
detector, a waveguide and a first regulator The housing 
is kept at a constant reference temperature by the first 
regulator. The chopper unit includes a processing circuit 
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and a second regulator. The thermopile of the probe 
unit and the first regulator are connected to the process- 
ing circuit of the chopper unit by the above mentioned 
cord. Before measuring the tympanic temperature, the 
probe unit and the chopper circuit are mated. At this 
moment, the aforementioned thermopile detects the 
infrared radiation emitted by a reference target. The ref- 
erence target is also kept at a constant reference tem- 
perature by said second regulator. Trie processing 
circuitry repeatedly acquires the output level of the ther- 
mopile and stores the calibration data. While taking the 
tympanic temperature, the user holds the probe unit, 
inserts it into the ear canal over and over, and compares 
the highest thermopile output level with the stored cali- 
bration data to determine the tympanic temperature. 
The advantage of this kind of tympanic thermometer is 
that it has very high accuracy, but its drawback is that 
measuring the temperature takes time. 
[0007] Besides, U.S. Patent No. 4, 797, 840 dis- 
closes another kind of tympanic thermometer which 
provides a rectified calculation formula directed to the 
problem regarding the difference in the waveguide tem- 
perature and temperature of the infrared radiation sen- 
sor. Its illustration is as follows: as described above, 
under ideal circumstances, when the tympanic ther- 
mometer is inserted into the ear canal to measure the 
tympanic temperature, the temperature Td of the infra- 
red radiation sensor is equivalent to that of the room 
temperature Ta, and there will not be a rise in the tem- 
perature Tt of the waveguide (maintained at the room 
temperature Ta before insertion into the ear canal). 
Under such circumstance, the formula for calculating 
the tympanic temperature Tb is made easier. Suppose 
the infrared radiation sensor is comprised of thermopile, 
and the output value of the thermopile is Vout % hence 
the following formula is obtained: 

Vout = K(7Z> 4 - Ta 4 ) (1) 

Where K is constant. In other words, 

Tb^+TaY> (2) 



However, since there is a temperature rise in the 
waveguide, thus formula (1) & (2) do not hold. The con- 
stant K in the formula of the prior art is substituted by a 
function of room temperature Ta, and the following for- 
mula is obtained: 

Vout = f(Ta).(Tb 4 - Ta 4 ) (3) 

Where, 

2 3 

f(Ta) = a 0 + a 1 Ta + a 2 Ta +a 3 Ta + (4) 
The formula of the tympanic thermometer is more 



sophisticated and in order to obtain sufficient accuracy, 
the formula (4) requires more items which makes calcu- 
lation more difficult. This is the main drawback of the 
prior art. 

5 [0008] While using the prior tympanic thermometer, 
since the infrared radiation sensor is located outside the 
ear canal, a waveguide which guides the infrared radia- 
tion emitted by the tympanic membrane to the infrared 
radiation sensor is necessary, and the error in tempera- 
te ture reading is mainly caused by the waveguide. This is 
evident in the doctorate thesis of Mr. Mang Ou-Yang 
concerning the "Analysis and design of radiative ther- 
mometers" (submitted to Institute of Electro-Optical Col- 
lege of Engineering, National Chiao-Tung University, 

15 Hsinchu. Taiwan, R.O.C., March 1998). After a theoreti- 
cal analysis, Mr. Mang Ou-Yang mentioned in his thesis 
that the tympanic temperature difference STb is directly 
proportional to the temperature change 57f in the 
waveguide. For a medical thermometer, it is required 

20 that the temperature difference 676 should not exceed 
0.1 °C. Based on this concept, the maximum allowable 
waveguide temperature drift &Ttm can be determined 
as the temperature change in the waveguide when the 
temperature difference 67b is equal to 0.1 °C. The 

25 result of the experiment mentioned in the thesis is cited 
in FIG. 4. The experiment is performed by using a circuit 
which simulates a tympanic thermometer to measure 
the maximum allowable waveguide temperature drift 
bTtm taking the emissivity in the internal wall of the 

30 waveguide and the length of the waveguide to be varia- 
bles. It is known from the experiment that at the same 
emissivity and same tympanic temperature difference, 
the longer the waveguide, the smaller the maximum 
allowable waveguide temperature drift bTtm. Thus, it 

35 can be inferred that the longer the waveguide, the 
smaller the maximum allowable waveguide temperature 
drift. 

Summary of the invention 

40 

[0009] In view of the above, by designing the infra- 
red radiation sensor in the tympanic thermometer of this 
invention to be of very small size, it can be placed at the 
front end of the tympanic thermometer. When the tym- 

45 panic thermometer measures the temperature on its 
insertion into the ear canal, a waveguide is not neces- 
sary since the infrared radiation sensor is located very 
near the ear drum. Erroneous temperature reading 
caused by the waveguide can thus be avoided. There- 

50 fore, a tympanic thermometer with merits of high accu- 
racy, simple structure and being easy to use can be 
obtained. 

[0010] With reference to FIG. 1 , the tympanic ther- 
mometer according to the present invention comprises: 

55 

a housing 1, which includes at least one infrared 

radiation receiving port 1 1 ; 

a small size infrared radiation sensing means 2 
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located at the front end of the housing, which 
receives the infrared radiation emitted by the tym- 
panic membrane 3, transmitted to the tympanic 
thermometer through the aforementioned infrared 
radiation receiving port 11. This infrared radiation 
sensing means 2 includes: 
an infrared radiation detector 21 which receives the 
aforementioned infrared radiation emitted by the 
tympanic membrane 3 and generates a first signal 
corresponding to the infrared radiation received; 
and 

a detector temperature sensor 22 which measures 
the temperature of the infrared radiation detector 21 
and generates a second signal representing the 
temperature; and 

a signal processor 4 which receives the first signal 
and second signal, and outputs the tympanic tem- 
perature signal obtained based on a calculation of 
these two signals. 

Brief description of the drawings 

[0011] 

FIG. 1 is a longitudinal sectional view showing the 
tympanic thermometer of this invention, where its 
components and its relationship with the ear are 
depicted. 

FIGs. 2A-2D illustrate the structure and manufac- 
turing process of an infrared radiation sensor com- 
prised of thermopiles, wherein front-side etching 
technique is utilized to etch silicon substrate. 
FIG. 3 illustrates the structure and manufacturing 
process of an infrared radiation sensor comprised 
of thermopiles, wherein back-side etching tech- 
nique is utilized to etch silicon substrate. 
FIG. 4 shows a calculated simulation result which 
illustrates the relationship between the measured 
tympanic temperature error and the length of the 
waveguide. 

Detailed description of the preferred embodiment 

[0012] With reference to FIG. 1, the tympanic ther- 
mometer of this invention further comprises a battery 5 
which is embedded in the housing 1, serving as its 
power supply. 

[0013] Besides, the tympanic thermometer of this 
invention comprises a display 6 located on the top of the 
housing 1 which shows the tympanic temperature signal 
calculated by the signal processor 4. 
[0014] In addition, the tympanic thermometer of this 
invention further comprises an insulating means posi- 
tioned between the housing 1 and the infrared radiation 
sensing means 2 to inhibit heat transfer between the 
housing 1 and the infrared radiation sensing means 2. 
[0015] The preferred embodiment of the aforemen- 
tioned insulating means is formed by the airspace sep- 



arated by the support stud 12 located in between the 
housing 1 and the infrared radiation sensing means 2. 
[0016] The size of the infrared radiation sensing 
means 2 should permit its insertion in the ear canal. 

5 This can be achieved in the present art. For example, 
the infrared radiation detector 21 may be comprised of 
thermopiles and the detector temperature sensor 22 
may be comprised of a reference circuitry and both may 
be embedded in a single chip. Refer to FIGs. 2A-2D 

io which illustrate an embodiment of the structure and 
manufacturing process of the thermopile infrared radia- 
tion detector. 

[0017] FIG. 2A is a structural top view of the 
embodiment; FIG. 2B is a structural side view; FIG. 2C 
15 is a structural three dimensional view; and FIG. 2D 
shows the structure of FIG. 2B before the silicon sub- 
strate is etched. 

[001 8] With reference to FIG. 2D, firstly, a number of 
dielectric layers are formed on the silicon substrate S, 

20 which serves as a supporting layer D 1 . Then, two layers 
71 and 72, composed of two kinds of thermocouple 
materials with a positive and negative Seebeck coeffi- 
cient are formed on the supporting layer D1. Two pairs 
of thermocouple materials are depicted in FIG. 2D. 

25 There is a dielectric layer / in between the two thermo- 
couple layers T1 and 72. The hot junctions h are shown 
in FIG. 2D. As depicted in FIG. 2A. the cold junctions c 
are located at the outer side of the two pairs of thermo- 
couple materials. Two layers of dielectric material dis- 

30 posed over the thermocouple layer 12 serves as the 
passivation layer D2. Finally, the absorbing layer A 
which absorbs the infrared radiation is formed over the 
dielectric layer D2. With reference to FIG. 2A, a plurality 
of thermocouples are serially connected to form a ther- 

35 mopile such that the output voltage taken from the ter- 
minal oo' has a sufficient amplitude while the absorbing 
layer A (FIG. 2B) absorbs the infrared radiation emitted 
by the tympanic membrane. 

[0019] Subsequently, the silicon substrate need to 
40 be etched such that the central portion is in a sus- 
pended form. This can be accomplished by front-side 
etching or back-side etching. FIG. 2B shows a side view 
of the thermopile structure formed by front-side etching. 
As depicted in FIG. 2C, there are four etching windows 
45 on the surface of the thermopile structure, an aniso- 
tropic etching process is used to etch the silicon sub- 
strate through these etched windows, thereby forming a 
suspended structure. 

[0020] Alternatively, back-side etching technique 
so can be utilized to etch the silicon substrate. In this way, 
the thermopile structure illustrated in FIG. 3 A can be 
obtained. Then, the silicon substrate shown in 3A can 
be lapped to become thinner, as depicted in FIG. 3B. 
[0021] In summary, the present technologies can 
55 be utilized to form a small size infrared radiation sensor 
in which a waveguide is not necessary. The erroneous 
reading caused by the waveguide can thus be elimi- 
nated and a tympanic temperature with high accuracy 



4 



BNSDOCID: <EP 0999437A1_I_> 



EP 0 999 437 A1 



and simple structure can be obtained. infrared radiation sensor is a bolometer sensor. 

[0022] The preferred embodiments of the present 
invention is to be considered in all respects as illustra- 
tive and not restrictive, and it is to be understood that 
changes and variations may be made without departing 5 
from the spirit or scope of the following claims. 

Claims 

1 . A tympanic thermometer comprising; 10 

a housing, which includes at least one infrared 
radiation receiving port; 

a small size infrared radiation sensing means 
located at the front end of said housing, which 15 
receives the infrared radiation emitted by the 
tympanic membrane, and includes: 

an infrared radiation detector which 
receives the infrared radiation emitted by 20 
the tympanic membrane and generates a 
first signal corresponding to the infrared 
radiation received; and 
a detector temperature sensor which 
measures the temperature of said infrared 25 
radiation detector and generates a second 
signal representing the temperature; and 

a signal processor which receives the first sig- 
nal and second signal, and outputs the tym- 30 
panic temperature signal based on a 
calculation of these two signals. 

2. The tympanic thermometer of claim 1 , further com- 
prising a power supply installed in said housing. 35 

3. The tympanic thermometer of claim 1 , further com- 
prising a display unit installed in the housing, which 
displays the tympanic temperature signal output by 
said signal processor. 40 

4. The tympanic thermometer of claim 1 , further com- 
prising a heat insulating means positioned between 
said housing and said infrared radiation sensing 
means in a manner to inhibit heat transfer between 45 
the housing and the infrared radiation sensing 
means. 

5. The tympanic thermometer of claim 4, wherein said 
heat insulating means is an airspace between said so 
housing and said infrared radiation sensing means 
formed by support studs extending between the 
housing and the infrared radiation sensing means. 

6. The tympanic thermometer of claim 1 . wherein said 55 
infrared radiation sensor is a thermopile sensor. 

7. The tympanic thermometer of claim 1 , wherein said 
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FIG. 1 
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FIG. 2B 
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D2 T2 Tl h A h Tl T2 




FIG. 3 A 
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L: length of waveguide 




emissivity in the internal wall of waveguide 



FIG. 4 
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